The effect of steady-state increases in systemic arterial pressure on the duration of left ventricular ejection time was studied in 11 normal male subjects. Methoxamine, a pressor amine of predominantly vasoconstrictor activity but lacking significant inotropic effect, was administered intravenously resulting in an average increase in mean arterial pressure of 27 mm Hg. Heart rate was held constant by high right atrial pacing, and there was no significant change in cardiac output. During methoxamine infusion, when stroke volume, heart rate, and inotropic state were held constant, left ventricular ejection time increased as mean arterial pressure increased. There was a highly significant correlation between the increase in mean systolic blood pressure and the prolongation of left ventricular ejection time (r = 0.870). In one subject, an increase in mean systolic pressure of 75 mm Hg prolonged left ventricular ejection time 55 msec, producing paradoxical splitting of the second heart sound. The prolongation of left ventricular ejection time during infusion was not blocked by the prior intravenous administration of atropine sulfate or propranolol hydrochloride, thus ruling out both vagal inhibition of the left ventricle and reflex withdrawal of sympathetic tone as its cause. In three subjects, left ventricular end diastolic pressure was measured and found to be significantly increased. A B T R A C T The effect of steady-state increases in systemic arterial pressure on the duration of left ventricular ejection time was studied in 11 normal male subjects. Methoxamine, a pressor amine of predominantly vasoconstrictor activity but lacking significant inotropic effect, was administered intravenously resulting in an average increase in mean arterial pressure of 27 mm Hg. Heart rate was held constant by high right atrial pacing, and there was no significant change in cardiac output. During methoxamine infusion, when stroke volume, heart rate, and inotropic state were held constant, left ventricular ejection time increased as mean arterial pressure increased. There was a highly significant correlation between the increase in mean systolic blood pressure and the prolongation of left ventricular ejection time (r = 0.870). In one subject, an increase in mean systolic pressure of 75 mm Hg prolonged left ventricular ejection time 55 msec, producing paradoxical splitting of the second heart sound. The prolongation of left ventricular ejection time during infusion was not blocked by the prior intravenous administration of atropine sulfate or propranolol hydrochloride, thus ruling out both vagal inhibition of the left ventricle and reflex withdrawal of sympathetic tone as its cause. In three subjects, left ventricular end diastolic pressure was mea-A partial report of this work appeared in abstract form. 1966. J. Clin. Res. 14: 261.
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INTRODUCTION
The effect of stroke volume, heart rate, and inotropic state on the duration of left ventricular ejection time has been extensively studied in both man and animals and the results by various investigators are consistent (1) (2) (3) (4) (5) (6) . However, the effect of increasing systemic arterial pressure has been variably reported to increase, decrease, or have no significant effect on left ventricular ejection time. In the metabolically supported, isolated heart preparation of Braunwald, Sarnoff, and Stainsby (4), substantial changes in mean arterial pressures had little influence on the duration of left ventricular ejection time in six of seven hearts. However, Wallace, Mitchell, Skinner, and Sarnoff (5) , in a right heart by-pass preparation, showed that as mean blood pressure was increased left ventricular ejection time decreased, isometric contraction time increased, and the total duration of systole remained unchanged. Weissler, Peeler, and Roehl have reported that when compared to normal controls, no significant difference was found in left ventricular ejection time in a group The Tournal of Clinical Investigation Vnlume 47 1968of 11 patients with severe hypertension (6) . Nevertheless, hypertensive cardiovascular disease has been cited as a cause of paradoxical splitting of the second lheart sound (7-9) which presumably is due to prolongation of left ventricular ejection time.
The purpose of this investigation was to study the effect of steady-state increases in systemic arterial pressure on the duration of left ventricular ejection time in the intact human left ventricle. The technique of high right atrial pacing was used to maintain a constant heart rate. By preventing the reflex bradycardia associated with an acute increase in arterial pressure, cardiac output was maintained; and, therefore, stroke volume was held constant. It was possible, then, to study the effect of arterial pressure alone on the duration of left ventricular ejection time when heart rate, stroke volume, and inotropic state were held constant.
METHODS
12 studies were performed on 8 healthy male volunteers and 3 male subjects with functional murmurs, whose ages ranged from 15 to 29 yr. No premedication was administered and all studies were performed in the supine position. A No. 8, bipolar, Zucker 1 catheter was placed at the superior vena cava-right atrial junction. Right atrial pressure was monitored through this catheter while heart rate was held constant by pacing. Arterial pressure was recorded through a 15 cm polyethylene catheter (PE No. 160, 0.045 inch I.D.) that was introduced percutaneously into the left brachial artery. In three subjects, left ventricular pressure was recorded through a radiopaque, polyethylene catheter (PE No. 160) placed retrograde through the right femoral or brachial artery. Cardiac output was determined by the indicator dilution technique. Indocyanine green dye (1.5 tid pulse were made on a multichannel, photographic recording unit 3 at a paper speed of 100 mm/sec, with time markers indicating 0.02 sec (Fig. 1) . All pressure meastirements were made with P23G Statham pressure transducers. 4 The zero level for pressure was taken as 5 cm below the angle of the sternum with the subject in the supine position. Mean systolic pressure was obtained by )lanimetry of the systolic portion of five consecutive brachial artery pressure curves. The standard lead II of the electrocardiogram was selected. Heart sounds at the base were recorded with a contact microphone,5 and care was taken to maintain a constant position on the chest wall at a point where clear inscription of both heart sounds could be made. The indirect carotid pulse was obtained with a standard, funnel-shaped pick-up connected to a P23D transducer. The pick-up was placed over the point of maximal pulsation of the carotid artery, and left ventricular ejection time was measured as the interval from the beginning of the upstroke to the trough of the incisural notch. The QA2 interval was measured from the onset of the Q wave on the electrocardiogram to the first major vibration of the second heart sound. Each determination of left ventricular ejection time, QA2 interval, and RR interval was determined from the average of 10 well-inscribed complexes taken in close succession. Heart rate was calculated dividing 60 by the average RR interval. The difference between measured and derived data was evaluated by the method of paired means (11) .
Care was taken to familiarize all subjects with the experimental design before the procedure. When all catheters were in place the patient rested for 10-15 min, and control measurements were recorded, after which high right atrial pacing was instituted through the bipolar catheter with a battery powered, external pacing unit.8
Pacing was accomplished at the slowest possible rate at which complete atrial capture occurred. After a minimum of 
RESULTS
Control vs. control pace. High right atrial pacing was established in the 9 control subjects with an increase in the average heart rate from 68 to 75 beats/min. Pacing produced no significant change in cardiac index (P > 0.20). Dependent upon the degree of tachycardia induced necessary to capture the control sinus rhythm, variable effects on stroke volume index, blood pressure, left ventricular ejection time, and other measured parameters were produced and are presented in detail in Table I. Control pace vs. methoxamine pace. Heart rate was held constant by high right atrial pacing. There was no significant change in cardiac index (P > 0.20), and stroke volume index remained unchanged (P > 0.20) (Fig. 2) . With heart rate and stroke volume index held constant, the infusion of 
Uf) (U -t' methoxamine produced an average increase in mean arterial pressure of 27 mm Hg, and an average increase in mean systolic pressure of 31 mm Hg. Fig. 3 shows the effect of this increased pressure load on the duration of the various phases of systole. The total duration of systole, as measured by the QA2 interval, increased significantly (P < 0.001). This increase was a result of a significant increase in both left ventricular ejection time (P < 0.005) and QA2-ET interval (P < 0.010), the latter being a reflection of isometric contraction time plus ventricular electrical depolarization. Fig. 4 shows the change in left ventricular ejection time plotted against the change in mean systolic pressure during steady-state methoxamine infusion. Mean systolic pressure was correlated with left ventricular ejection time rather than with mean arterial pressure, as only this phase of the arterial pressure is encountered by the contracting left ventricle. A highly significant correlation coefficient was found between this plot (r = 0.870, P < 0.005). In one subject, A.P. (Table I) Figs. 5, 6, and 7 show the effect of this elevation on left ventricular ejection time and the splitting of the second heart sound. Fig. 7 shows that with heart rate and stroke volume held constant, an elevation of 75 mm Hg mean systolic pressure prolonged left ventricular ejection time 55 msec, creating paradoxical splitting of the second heart sound.
Venous pressure showed a slight but significant increase (P < 0.025) with methoxamine infusion. In two subjects, left ventricular end diastolic pressure was monitored. R.H. increased his left ventricular end diastolic pressure from Table I .
After atropine. The intravenous administration of 2 mg of atropine sulfate caused a significant increase in both cardiac index and heart rate in two subjects, C.H. and A.P. (Table I ). In both subjects, when heart rate was held constant by pacing, elevation of the mean systolic pressure with methoxamine caused an increase in left ventricular ejection time, whereas stroke volume index remained unchanged. After cessation of pacing, there was only a slight decrease ill heart rate, and cardiac index was unchanged while methoxamine infusion maintained blood pressure.
After propranolol. The intravenous administration of 15 mg of propranolol hydrochloride caused a decrease in both the cardiac index and heart rate (R.H., Table I systemic arterial pressure was increased by the intravenous administration of methoxamine. The assumption was made that during the procedure, neither a positive nor a negative inotropic inter\vention was imposed upon the subject. It has been wvell established by previous studies that methoxaminie has no significant inotropic effects on the ventricular dynamics in animals (13, 15) . Goldberg, Bloodwell, Braunwald, and Morrow (14) have demonstrated that in man the administration of methoxamine does not increase the myocardial contractile force as measured by the strain-gauge arch. Although Brewster, Osgood, Isaacs, and Goldberg (17) have shown evidence of myocardial failure with repeated injections of methoxamine in dogs, this failure was always associated with a highly significant decrease in cardiac indexes, stroke volume indexes, left ventricular stroke work indexes, and systemic arterial pressure. The maintenance of control cardiac output and the increase in both left ventricular stroke work indexes and systemic arterial pressure observed in our subjects after methoxamine infusion are evidence against any significant negative inotropic effect. Also, the maintenance of control cardiac output with pacing and methoxamine, and the subsequent drop in cardiac output with methoxamine alone strongly support the statement by Brewster and coworkers that the cardiac output with methoxamine infusion decreases in proportion to the decrease in heart rate. During methoxamine infusion when heart rate was held constant by pacing, cardiac index did not change. As a result, stroke volume index remained unchanged, and with the assumption of a constant inotropic state it was possible to evaluate the effect In three subjects, inl wvhom left ventricular end diastolic pressure was monitored, there was a marked increase in end diastolic pressure after methoxamine infusion. Braunwald, Frye, and Ross found no alteration of left ventricular end diastolic pressure-end-diastolic-circumference relationship in dogs, when both aortic pressureand cardiac output were varied over wide ranges (18) . It is, therefore, probable that the increased end diastolic pressure observed during methoxamine infusion was associated with an increase in end diastolic size. This would be consistent with the findings of Harrison, Glick, Goldblatt, and Braunwald who observed an increase in left ventricular dimensions during methoxamine infusion (19 Although much controversy exists as to the effect of vagal stimulation on left ventricular contractility, the recent study by DeGeest, Levy, Zieske, and Lipman (20) has indicated a depression of ventricular contractility in both the isovolumetric left ventricle and the pumping left heart. For this reason, two subjects were given 2 mg of intravenous atropine sulfate to completely block the reflex vagal stimulation associated with methoxamine infusion. Results after injection (Fig. 8) were similar in both direction and magnitude to the control subjects, thus ruling out vagal inhibition of the left ventricle as the cause for prolongation of the left ventricular ejection time during methoxamine infusion. It is also interesting to note that when pacing was stopped while methoxamine was continued in the two atropinized sul)jects, there was only a slight decrease in heart rate, and cardiac output was maintained. This is in sharp contrast to the nine control subjects who developed a significant bradycardia with a consistent decrease in cardiac output when pacing was stopped and methoxamine infusion continued. This, again, is consistent with the observation that the decrease in cardiac output observed with methoxamine infusion is proportionate to the degree of bradycardia. The observation by Wilber and Brust (21) When the normal subject is artificially stressed with an acute rise in arterial pressure, paradoxical splitting of the second heart sound can occur. In the compensated hypertensive, we need only substitute two common clinical situations in the natural history of hypertensive cardiovascular disease and we have created a similar situation. The first of these is a rapid acceleration of hypertension associated with the development of the malignant phase, and the second is the common development of left ventricular failure. The superimposition of either of these acute stresses on the compensated left ventricle, if properly timed and of significant degree, may well explain the rare episodes of paradoxical splitting of the second heart sound seen in hypertensive cardiovascular disease. Moreover, with proper therapy the acute stress can be removed, and the paradoxical splitting will disappear as the ventricle again becomes compensated.
